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4 Tanks 

4.1 Introduction 

At e-styrenics there are many tanks; 
three identical tanks used for styrene 
storage, styrene day tank, EB storage 
tank and TBC storage tank. 

At this part we will travel through 
tanks to know it different types, parts 
and apply our knowledge by designing 
the main styrene storage tank. 

At our travel will walk through the 
following: 

1. Tank types. 

2. Tank Standards. 

3. Material selection. 

4. Shell design. 

5. Roof design. 

6. Wind load including wind 
stiffener. 

7. Seismic loads. 

8. Tank foundation. 

9. Tank accessories. 

10. Tank testing. 

4.2 Types and Functions of 
Storage Tanks 

Storage tanks are used in refinery, 
chemical, and petrochemical, and 
operations to store crude oil, 
intermediate and refined products, gas, 
chemicals, and water. Such 
characteristics of the stored fluid as 
quantity, volatility, chemical 
characteristics, and corrosiveness 
combine with such considerations as 
the required storage pressure to 


determine the type, size, and 
construction material of a storage tank. 
When corrosion is expected on the 
inside of a tank, a corrosion allowance 
is typically added to the tank 
component thickness as part of the 
original design. In extreme cases, 
internal lining or coating systems (such 
as epoxy- or fiberglass-reinforced 
plastic) may be considered in place of a 
very large corrosion allowance or the 
use of alloy materials. The following 
standard types of storage tanks: 

• Atmospheric 

• Low-temperature 

• Low-pressure 

4.2.1 Atmospheric Storage 
Tanks 

Atmospheric storage tanks are 
designed to store liquids such as crude 
oil, gasoline, and other products, and 
water. Atmospheric storage tanks 
operate with the internal pressure of 
their vapor space at approximately 
atmospheric pressure (an internal 
pressure that is less than the weight of 
the roof). These tanks are typically of 
all-welded carbon steel construction; 
however, tanks that constructed before 
reliable welding equipment and 
practices were available used bolted or 
riveted construction. 

This course discusses only welded steel 
storage tanks, although most of the 
topics apply to any type of 
construction. Atmospheric storage 
tanks are usually classified by the type 
of roof that is installed. The major 
types of atmospheric storage tanks are 
as follows: 
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• Fixed roof 

• Floating roof 

•Fixed roof with internal floating roof 

4.2.1.1 Fixed Roof Tanks 

are the simplest type of atmospheric 
storage tank. The roof is usually in the 
form of a cone or dome. Figures 4-1 
and 2 provide examples of cone roof 
and dome roof tanks. 

Cone roof tanks can be up to 90 m (300 
ft.) in diameter and 20 m (64 ft.) in 
height. In larger diameter tanks, 
internal structural members that 
consist of girders, rafters, and columns 
must be used to support the roof. The 
fixed roofs of smaller diameter tanks 
may be designed to be self-supporting. 




4.2. 1.2 Floating Roof Tanks 

are another common type of 
atmospheric storage tank. The design of 
floating roof storage tanks minimizes 
breathing losses of hydrocarbon vapor 
when the tank is filled and emptied. 
The floating roof eliminates a vapor 
space above the stored liquid or 
maintains a small and constant vapor 
space. The shell and bottom of floating 
roof tanks are similar to cone roof 
storage tanks, but the roof is designed 
to float on the stored liquid. The most 
common type of floating roof is the 
annular-pontoon-type. The double- 
deck-type floating roof is used for very 
large diameter tanks in order to 
increase roof stability. Figures 4-3 and 
4-4 provide cross-sectional illustrations 
of floating roof storage tanks. 



Figure 4-4 single-Deck-Type Floating Roof Tank 

4.2. 1.3 Fixed Roof with Internal 
Floating Roof Tanks 

Usually consist of a cone roof storage 
tank with a pan-type, panel-type, or 
pontoon-type floating roof located 
inside. The floating roof in this case is 
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called an internal floating roof. The 
internal floating roof may be 
constructed of materials other than 
steel, such as aluminum or plastic. 
Figures 4-5 and 4-6 provide cross- 
sectional illustrations of tanks with 
internal floating roofs. 
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Figure 4-5 Pan-Types Internal Floating Roof Tank 



Figure 4-6 Float-Types Internal Floating Roof Tank 


4.2.2 Low-Temperature 
Storage Tanks 

Low-temperature storage tanks are 
designed to operate at temperatures 
below the ambient temperature and 
with the internal pressure of their vapor 


space not exceeding 103 kPa (ga; 15 
psig). These tanks are of welded steel 
construction. 

Low-temperature storage tanks are 
used when economic studies show that 
these tanks give a higher economic 
return than can be obtained with 
pressurized storage, typically for large- 
volume applications. Low-temperature 
storage tanks are used for refrigerated 
product storage or for liquefied 
hydrocarbon gases, such as ethane, 
ethylene, or methane. 

Refrigerated tanks are either single-wall 
insulated tanks or double-wall insulated 
tanks. A double-wall tank consists of an 
inner tank that stores the refrigerated 
liquid and an outer tank that encloses 
an insulation space around the inner 
tank. A double-wall tank is a composite 
tank; the outer tank is not required to 
contain the product that is enclosed by 
the inner tank. In a double-wall tank, 
differences in materials, design, and 
testing apply to the inner and outer 
tank because of their different 
functions. Figure 4-7 illustrates a cross- 
section of a typical double-wall tank. 
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Figure 4-7 Double-Wall, Low-Temperature Storage Tank 


4.2.3 Low-Pressure Storage 
Tanks 

Low-pressure storage tanks are 
designed to operate with the internal 
pressure of their vapor space over the 
limits of atmospheric tanks but not over 
103 kPa (ga; 15 psig). These tanks are of 
welded steel construction and are 
normally fabricated from carbon steel; 
however, stainless steel and nickel 
alloys may be required for very low 
temperature applications. 

Low-pressure storage tanks are typically 
used to store substances that have true 
vapor pressures over 18 kPa (ga; 2.6 
psig) but not over 103 kPa (ga; 15 psig). 
Low-pressure storage tanks store 
substances such as the following: 

• Light crude oils 

• Light naphtha's 

• Some gasoline blending stocks 


• Some volatile chemicals 
Tanks with cylindrical shells and cone 
roofs or, more commonly, dome roofs 
are typically used for pressures of 34 
kPa (ga; 5 psig) and less. The cylindrical- 
shell low-pressure storage tank is the 
most common type of low-pressure 
tank. The bottoms of the tanks are 
usually flat but may be shaped like the 
roofs. Hold- down anchorage is usually 
required to prevent the internal 
pressure from lifting the tank off its 
foundation. 

4.3 Storage Tank Design 
Specifications 

In the case of storage tanks, the 
contractor's responsibilities include 
specifying the required design basis. 
The tank design basis includes the tank 
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capacity, service, design code, 
materials, design conditions, external 
loads, appurtenances, and connections 
that are needed for a particular storage 
tank application. Storage tank design 
specifications are used to specify these 
requirements. The specifications consist 
of engineering standards and a storage 
tank design specification sheet. 

4.3.1 Standards and 
Specifications 

API-650 covers the material selection, 
design, fabrication, erection, and 
testing requirements for vertical, 
cylindrical, above ground, closed- and 
open-top, welded steel storage tanks 
for internal pressures that are 
approximately equal to atmospheric 
pressure. If the supplemental 
requirements that are contained in 
Appendix F of API-650 are applied, 
storage tanks may be designed for 
internal pressures up to 18 kPa (ga; 2.6 
psig). The entire tank bottom must be 
uniformly supported. API-650 tanks 
must be in nonrefrigerated service and 
they will typically have a maximum 
operating temperature of 93 g C (200 ? F). 
A maximum operating temperature of 
260 9 C (500 9 V) is permitted when the 
additional requirements contained in 
Appendix M of API-650 are followed. 

API-620 covers the design and 
construction of large, welded, low- 
pressure carbon steel above ground 
storage tanks that have a single vertical 
axis of revolution. The maximum 
permitted internal pressure in the 
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vapor space is 103 kPa (ga; 15 psig), 
and the maximum permitted 
temperature is 120 9 C (250 9 F). The basic 
API-620 rules permit design to a lowest 
one-day mean atmospheric 
temperature of -46 ? C (-50 g F). This 
temperature corresponds to a 
minimum acceptable design metal 
temperature of -37^C (-35 9 F); however, 
Appendix R covers tanks that are used 
for refrigerated product services with a 
minimum design metal temperature 
between +4^C to -50 9 C (+40 9 F to - 
60 9 F). API-620, Appendix Q, covers 
tanks that are used to store liquefied 
hydrocarbon gases that have a design 
metal temperature as low as -168 g C 
(270 5 F). The primary additional design 
considerations for API-620 tanks, when 
compared to API-650 tanks, relate to 
the specified design pressure and 
minimum design temperature. 

4.4 Floating Roof Tanks 

Floating roof tank was developed 
shortly after World War I by Chicago 
Bridge & Iron Company (CB & I). 
Evaporation of the product in fixed 
roof caused a great loss of money; this 
led to research to develop a roof that 
can float directly on the surface of 
Product, reducing the evaporation 
losses. 

4.4.1 Principles of the Floating 
Roof 

The floating roof is a circular steel 
structure provided with a built-in 
buoyancy which allowing it to sit/ float 
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on top of the liquid product in a close 
or open top tank. 

The overall diameter of the roof is 
normally 400 mm smaller than the 
inside diameter of the tank, which has 
about 200 mm gap on each side 
between the roof and the inside tank 
wall. This is due to the limitation on 
the accuracy of dimension during 
construction for the large diameter 
tank. 

The gaps allow the floating roof to 
rise and fall without binding on the 
tank wall. To protect the product 
inside the tank from evaporation to 
the atmosphere and contamination 
from the rain water through the gaps 
between the outer rim of the floating 
roof and the tank wall, the gaps will be 


closed or sealed up by mean of flexible 
sealing system. Due to environmental 
issue, selection of the roof seal is one 
of the major concerns in the floating 
roof tank design. 

In single deck roof, is also called 
pontoon roof, the buoyancy is derived 
in the pontoon, an annular circular 
pontoon radially divided into liquid 
tight compartments. The center deck 
which is formed by membrane of thin 
steel plates are lap welded together 
and connected to the inner rim of the 
pontoons. 



Figure 4-8 Appurtenances on Annular-Pontoon Type Floating Roof Tank 


Double deck roof consists of upper 
and lower steel membranes separated 
by a series of circumferential bulkhead 
which is subdivided by radial 
bulkhead. The outer ring of the 
compartments is the main liquid tight 
buoyancy for the roof. Double deck 
roof is much heavier than single deck 
one, hence it is more rigid. The air gap 
between the upper and bottom plates 
of the deck has insulation effect which 
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helps against the solar heat reaching 
the product during the hot climate and 
preventing heat loss of the product 
during cold climate. 



Figure 4-9 Double-Deck-Type Floating Roof Tank 
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4.4.2 Advantages of the 

floating roof storage tank 

As the roof floats directly on the 
product, there is no vapour space and 
thus eliminating any possibility of 
flammable atmosphere. It reduces 
evaporation losses and hence 
reduction in air pollution. Vapour 
emission is only possible from the rim 
seal area and this would mainly 
depend on the type of seal selected 
and used. 

Despite of the advantages of the 
floating roof, to design and construct a 
floating roof tank will be much more 
complicated and costly than the fixed 
ones. In term of tank stability and 
design integrity, floating roof tank is 
never better than the fixed roof tank 
as there are still many unknown 
parameters and factors in designing 
the floating roof. 

4.5 Design Considerations 

4.5.1 Material Selection and 
Corrosion Assessment 

Material selection study was carried 
out by the material specialist to review 
the conceptual design basic of the 
plant and assess expected longevity of 
materials for various piping and 
equipment, he/she then proposes 
materials suitable for the required 
design life of 30 years. The approach 
of this material selection is to evaluate 
the internal corrosivity of the fluids 
with respect to utilisation of carbon 
steel. 


Carbon Steel is considered as first 
choice, due to its lower cost, ready 
availability and well understood 
requirements to fabrication and 
testing. Material selection for the 
hydrocarbon system is based on detail 
evaluation of fluid properties. 

4.5. 1.1 C0 2 Corrosion 

Carbon dioxide dissolves in water and 
dissociates to form weak carbonic acid 
which causes corrosion on carbon 
steels. Higher partial pressures of C0 2 
imply more dissolved C0 2 and hence 
higher corrosion rate. Higher 
temperatures and pressure increase 
the corrosion rate, but in certain 
conditions, about 70 to 80°C, a 
protective carbonate scale can form 
on the steel surface that reduces the 
corrosion rate, compared to lower 
temperatures where the scale does 
not form. 

Corrosion resistant alloys (CRA) are 
used to avoid corrosion at high C0 2 
contents, and in less corrosive 
condition and where required lifetime 
is limited, but it would be more 
economical to use carbon steel with a 
corrosion allowance and/or chemical 
inhibitor treatment. The presence of 
C0 2 infers that carbon steel will have 
finite life due to the wall thinning; a 
corrosion allowance is practical to 
accommodate up to 6mm. 

4. 5. 1.2 Mercury 

Mercury (Hg) is a trace component of 
all fossil fuels. It is therefore present in 
liquid hydrocarbon and natural gas 
deposits, and may transfer into air, 
water and soil. Materials unsuitable 
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for hydrocarbon streams in presence 
of mercury due to liquid metal 
embrittlement, which will result in 
crack, are: 

• Aluminium and Aluminium 
Alloys 

• Titanium and Titanium Alloys 

• Copper and Copper Alloys 

• Zinc and Zinc Alloys 
Recommended materials are: 

• Carbon steels and low allow 
steels 

• Stainless steels (Austenitic 
stainless steel, Duplex stainless 
steel) 

• Nickel Alloys (Inconel 625, 825 
and Monel) 


4.5.1.3 EFFECT OF MATERIAL 

STRENGTH AND FRACTURE 
TOUGHNESS PROPERTIES 
ON MA TERIAL SELECTION 
The materials that are to be used 
for the primary structural 
components of a storage tank must 
first be selected before these 
components can be designed. This 
section discusses the following 
items: 

• Material strength and 
fracture toughness 
properties 

• General steps that are used 
to select appropriate 
materials 
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4.5. 1.3.1 Fracture Toughness 


Figure 4-10 (USC) Minimum Permissible Design Metal Temperature for Materials Used in Tank 
NOTE: materials with same toughness are in group. 
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Fracture toughness is the ability of 
a material to withstand conditions 
that could cause a brittle fracture. 
Brittle fracture is characterized by 
the lack of deformation or yielding 
in the material prior to failure. 
When a brittle fracture occurs, 
there is no leak or warning prior to 
complete failure of the component. 
These failure characteristics of 
brittle fracture are in contrast to the 
the ductile type of failure that 
occurs when the material strength 
is exceeded. Brittle fracture occurs 
only when the following three 
conditions occur simultaneously: 


• The material has 

insufficient fracture 
toughness at the 

temperature. 

• There is sufficient stress 
in the component to 
cause a crack to initiate 
and grow. 

• There is a critical size 
defect in the component 
that can act as a local 
stress concentration 
point and site for crack 

• Initiation such as at a 
weld. 
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The brittle fracture occurs without 
warning the first time that the 
component is exposed to the 
necessary combination of low 
temperature, high stress, and 
critical size defect; therefore, it is 
extremely important that material 
selection eliminate the possibility of 
brittle fracture. The fracture 
toughness of a material decreases 
as the material temperature 
decreases (see Figure 4-10). 

Tank material fracture toughness 
is a minimum at the minimum 
temperature to which the tank will 
be exposed. The design metal 
temperature is the minimum 
temperature to which the tank will 
be exposed; therefore, material 
fracture toughness considerations 
are pertinent to ensure that tank 
components will not experience a 
brittle fracture at temperatures that 
are as low as the design metal 
temperature. The design metal 
temperature of the tank is specified 
on the Storage Tank Data Sheet 
(Appendix L of API-650 for 
atmospheric tanks). 

4.5. 1.3. 2 Determining Fracture 
Toughness 

The Charpy V-notch test (C v ) is 
commonly used to qualitatively 
determine the fracture toughness of 
steel. The test consists of 
performing an impact test on a 
notched specimen that is taken 
from a specific location in the 
material, and then recording the 
impact energy that is required to 


fracture the specimen at various 
temperatures. 

4.5. 1.3.3 Strength 

Strength is the ability of a material 
to withstand an imposed force or 
stress. The strength of a material is 
defined by its yield strength, 
ultimate tensile strength, and creep 
strength. Material creep strength is 
only a design factor at 
temperatures that are above 
approximately 427 °C (800 °F). 
Because the design temperatures 
for storage tank applications are 
never more than 260°C (500°F), 
the tensile and yield strengths are 
the only strength properties that 
are of concern for storage tanks. 
The yield strength and the tensile 
strength of a material decrease as 
the material temperature increases. 
The tank material strength is a 
minimum at the maximum 
temperature to which the tank will 
be exposed. Therefore, material 
strength considerations are 
pertinent to ensure that tank 
components will not fracture at the 
maximum operating temperature of 
the tank. Component fracture that 
is caused by exceeding the 
material strength is ductile in 
nature and is preceded by 
permanent deformation. Therefore, 
there is normally time to take some 
form of remedial action to reduce 
the imposed loads before a 
component fracture occurs. The 
maximum operating temperature of 
the tank is specified on either the 
Storage Tank Design sheet. 
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Table 4-1 - (SI) Permissible Plate Materials and Allowable Stresses 


Specification of the maximum 
operating temperature ensures that 
material strength is properly 
considered in tank design. The 
strength of the material, as defined 
by its tensile and yield properties, 
has a direct impact on the 
structural design of tank 
components. Storage tank 
components are designed to have 
a margin between the maximum 
stress that is permitted under the 
imposed load conditions and both 
the yield strength and tensile 
strength of the material. The 
allowable stress is the maximum 
stress that is permitted in a 
component for design purposes. 
Because the yield strength and 
tensile strength define failure limits 
of a material, a safety factor is used 
between the allowable stress and 
the stress at which a tank 
component is considered to fail. 
API-650 specifies safety factors for 
the determination of allowable 
stresses. For example, when a tank 
shell is designed for the loads that 
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are imposed by the stored liquid, 
the allowable stress is limited to the 
lower of the following two values: 
two thirds of the yield strength, or 
two-fifths of the tensile strength of 
the material. 

API-650 specifies allowable 
stresses for each material 
specification (see Table 4-1) that 
may be used to construct an 
atmospheric storage tank. The 
allowable stress of each specific 
material is constant for all 
temperatures up to 93 °C (200 °F); 
however, the allowable stress of 
each material decreases for 
temperatures that are above 93 °C 
(200 °F). API-650 Appendix M 

contains additional design criteria 
that must be followed for tanks that 
have maximum operating 
temperatures over 93 <€ (200 °F). 

4.5. 1.4 Material Selection 

Tank materials are selected to 
provide the most economical 
design that is suitable for the 
specified design conditions. This 
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materials selection considers both 
the material strength fracture and 
toughness properties that were 
previously discussed. 

Although several materials can be 
technically acceptable, the ultimate 
choice of what materials to use is 
based on current economic 
conditions, material availability. As 
an example of the basis for 
material selection, the use of higher 
strength steel may reduce the 
thickness that is required for shell 
sections, but the cost per pound of 
the higher-strength steel may be so 
much higher than the cost of a 
lower-strength material that it could 
result in a higher overall cost for 
the tank. Generally speaking, an 
initial material selection can be 
made based on strength 
considerations. Then, shell wall 
thicknesses can be calculated, and 
a check can then be made to 
confirm that the fracture toughness 
of the selected material is 
acceptable for the specified design 
metal temperature. Shell wall 
thicknesses are normally kept to a 
maximum of 40 mm (1.5 in.) in 
order to avoid the need for any 
special fabrication or heat 
treatment considerations. 

The steps in the material selection 
process are explained below. 

• Make an initial material 
selection for the tank 
primary components (roof, 
shell, bottom) based on 
strength. API-650 contains a 
list of acceptable material 
specifications. Typically, first 


select the highest strength 
steel that is acceptable. 

• Determine preliminary 

thicknesses for the primary 
tank components. 

Procedures for this 
determination will be 
discussed. 

• Determine whether the 

selected materials have 
adequate fracture toughness 
in the calculated thicknesses 
for the required design metal 
temperature of the tank. As 
previously discussed, 

fracture toughness becomes 
a more significant 
consideration as the design 
metal temperature of the 
tank decreases. 

• Change the selected 

materials as needed, based 
on their fracture toughness. 
Recalculate the component 
thicknesses based on the 
new materials used. Also 
determine if the thicknesses 
should be reduced by using 
stronger material to 
minimize fabrication 

difficulties. 

• Review the cost and 
availability of the selected 
materials, and adjust the 
material selections as 
appropriate. 

The final materials selections are 
specified on the Storage Tank Data 
Sheet (Appendix L of API-650). 
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Table 4-2 Material Selection Guide 


For OUR TANK 

Min. design temp, is 1°C 

From API 

Table 5-2a-(SI) Permissible Plate Materials and Allowable Stresses 

Figure 4-1 a- (SI) Minimum Permissible Design Metal Temperature for Materials 
Used in Tank Shells without Impact Testing 

Table 4-4a-(SI) Material Groups 

Section 4.2.2 
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A36M 

160 

171 

40 

For group IV 

max. thickness based on Fracture Toughness =27.25 mm 

A573M 450 

160 

180 

40 


A573M 485 

193 

208 

40 


A516M 450 

160 

180 

40 


A516M 485 

173 

195 

40 


A662M B 

180 

193 

40 


For group II 

max.thickness based on Fracture Toughness =32.7 5mm 

A131M B 

157 

171 

25 


A36M 

160 

171 

40 


For group IVA max.thickness based on Fracture Toughness =33.2 mm 

A662M C 

194 

208 

40 


A573M-485 

193 

208 

40 



Thickness of lower shell course based on strength by 1-foot method 
(1-foot method will be discussed later) 


MAT. 

td 

it 

£ design 

A283MC 

12.2094 

10.4236 

12.2094 

A285MC 

12.2094 

10.4236 

12.2094 

A36M 

10.6699 

9.3874 

10.6699 

A573M450 

10.6699 

8.9180 

10.6699 

A573M485 

9.1020 

7.7175 

9.1020 

A516M450 

10.6699 

8.9180 

10.6699 

A516M 485 

9.9809 

8.2320 

9.9809 

A662M B 

9.6511 

8.3173 

9.6511 

A36M 

10.6699 

9.3874 

10.6699 

A662M C 

9.0628 

7.7175 

9.0628 

A573M-485 

9.1020 

7.7175 

9.1020 


- Compare each material thickness with its max. thickness 
based on Fracture Toughness 

- Choose the material with closest thickness with its max. 
thickness based on Fracture Toughness 
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MAT. 

tmax(mm) 

Based on Fracture Toughness 

^design 

acceptance 

A283M C 


12.2094 

yes 

A285M C 

18.643 

12.2094 

yes 

A36M 


10.6699 

yes 

A573M 450 


10.6699 


A573M 485 


9.1020 


A516M 450 

27.25 

10.6699 


A516M 485 


9.9809 


A662M B 


9.6511 


A36M 

32.75 

10.6699 


A662M C 

33.2 

9.0628 


A573M-485 

9.1020 



- Materials A283M C , A285M C & A36M are accepted 

- Select the most economical one. 

- Material A283M C is used for shell, Roof and Bottom 
plates. 

- From material selection guide (Table 4-2) select material for 
pipes, fittings, bolting and forgings 

For pipes use SA-106-B 

For Forgings (Flanges) use SA-105 

For Bolting use SA-193-B7 with SA-194-2H 
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4.5.2 Mechanical Design 

The basic stress analyses to be taken 
care in tank design are as follow: 

• Tank shell wall due to internal 
and external loading 

• Bottom plate/ Tank flooring 

• Tank roof - In this case, 
floating roof 

• Annular plates. 

4.5.2.1 BOTTOM PLATES 

When the tank foundation is done and 
ready for the tank erection, bottom 
plate will start laying on top of the 
foundation and welded in sequence. It 
is important to lay and weld the 
bottom plate in correct sequence to 
avoid any weld distortion. 

According to API 650 all bottom plates 
shall have a corroded thickness of not 
less than 6mm (0.236 in.) Unless 
otherwise agreed to by the Purchaser, 
all rectangular and sketch plates shall 
have a nominal width of not less than 
1800 mm (72 in.). 

For our tank 


Min Thickness of bottom plates = 6 + 
1.5(C.A) = 7.5 mm 

Nominal thickness = 8 mm 

NOTE: he ordered 10 mm thickness 

4. 5.2.2 ANNULAR BOTTOM PLATES 

Annular rings are usually used on 
larger tanks. An Annular Ring is a 
thicker plate on the outside of the 
bottom floor under the shell. 


The purpose of annular ring is to 
support the weight of the shell 
courses. It also helps improve the 
seismic and wind design. Both the 
wind & seismic design allow for an 
annular volume on the outside of the 
tank to help resist the overturning 
moment. The width of this annular 
volume depends on the bottom plate 
thickness so having a thicker annular 
ring increases the annular volume 
resisting the overturning moments. 

According to API 650 When the 
bottom shell course is designed using 
the allowable stress for materials in 
Group IV, IVA, V, or VI, butt-welded 
annular bottom plates shall be used . 
When the bottom shell course is of a 
material in Group IV, IVA, V, or VI and 
the maxim product stress for the first 
shell course is less than or equal to 
160 MPa or the maximum hydrostatic 
test stress for the first shell course is 
less than or equal to 171 MPa, lap- 
welded bottom plates may be used in 
lieu of butt-welded annular bottom 
plates. 

API 650 contain a table specify the 
minimum annular plate thickness 
according to first shell stress and 
thickness. 

The welding sequence for bottom 
plate layout with annular plates, with 
reference to 

Figure 4-11 is as follow: 

1. Lay plates and lightly tack -weld 

2. Weld centre sump in position 1 & 2 
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3 . Weld rectangular plates together 
commencing at centre, welding short 
seams first 3 to 11, seams between 
rows of plates shall be free of tack- 
welds before making final weld 

4. Weld only outer part of radial seams 
of annular plates before erection of 
shell plates at 12a 

5. After complete assembly and 
welding of lower shell courses, weld 
lower shell course to annular 12b for 
prevention of welding distortion. 


7. Weld rectangular and sketch plates 
together at 13 to 22 and finally to 
annulars at 23. 


6. Weld remaining part of radial weld 
of annulars at 12c 
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For our tank 


According API 650, from table 5-la 


Plate Thickness 8 of First 


Stress 13 in First Shell Course (MPa) 

Shell Course (mm) 

<190 

£210 

£220 

/< 19 

6 

6 

7 

19<tS25 

6 

7 

10 

25 < / < 32 

6 

9 

12 

32 < if ^ 40 

8 

11 

14 

40 < / < 45 

9 

13 

16 

Plate Thickness 

Course=12.5 mm 

of First 

Shell 


Stress in First Shell Course (MPa) = 
(( td - C.A)/corroded t) (S^) = 

(( 1 2 . 2094 - 1 . 5 )/ 12 . 5 )( 137 )= 1 17.375 
MPa 

Min Thickness of bottom plates = 6 + 
1.5 (C.A) = 7.5 mm 

Nominal thickness [t b ) = 8 mm 
NOTE: he ordered 12 mm thickness 


Min. radial width of annular plate 

215*t fc 215*12 


L = 


: = 779.033 mm 


V7f*G Vl2*0.914 

H = design liquid level, in m =12 
G = Design specific gravity of the liquid 


to be stored =0.914 


4.5. 2. 3 Tank Shell Design 

4.5. 2. 3.1 Calculation of thickness by 
1-Foot Method 

The 1-foot method calculates the 
thickness required at design points 0.3 
m (1 ft) above the bottom of each 
shell course. 

For design shell thickness 

t 4.9D(H-0.3)G _ „ 

id = j- d +C.A 

For hydrostatic test shell thickness 

4.9D(ff-0.3) 


t d = Design shell thickness, in mm 
t t = Hydrostatic test shell thickness, in 
mm 

H = liquid level for course, in m 
G = Design specific gravity of the liquid 
to be stored =0.914 
C.A = Corrosion allowance, in mm=1.5 
S d = Allowable stress for the design 
condition, in Mpa = 137 
5 t =Allowable stress for the hydrostatic 
test condition, in MPa = 154 
D = nominal tank diametr, m=28 
This method is shall not be used for 
tanks larger than 60 m in diameter. 
Our tank shell thickness calculations 

ARE SUMMARIZED AT FOLLOWING 

TABLE 
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course 

width 

td 

it 

tmin 

^ nominal 

i 

2400 

12.2094 

10 . 4236 

12.2094 

14 

2 

2400 

10 .0126 

8.2855 

10 . 0126 

12 

3 

1500 

7.8158 

6.1473 

7.8158 

10 

4 

1500 

6.4428 

4 . 1473 

6.4428 

8 

5 

1500 

5.0698 

3.4745 

5.0698 

8 

6 

1500 

3.6968 

2 . 1382 

3.6968 

8 

7 

1182 

2.6149 

1.0851 

2.6149 

8 


4.5. 2. 3. 2 Calculation of thickness by 
Variable-Design-Point 
Method 

Design using variable-design-point 
method gives shell thickness at design 
points that in the calculated stressed 
being relatively closed to the actual 
circumferential shell stress. 

This method normally provides a 
reduction in shell-course thickness and 
total material weight, but more 
important is its potential to permit 
construction of large diameter tanks 
within the maximum plate thickness 
limitation. 


This method may only be used when 
1-foot method is not specified and 

when the following is true: 

l _ 1000 
h ~ 6 

L = (500 D t)° E in mm 

t = bottom-course shell thickness, in 

mm 

4.5. 2. 3. 3 Elastic Analysis method 
For tanks where L / H are greater than 
1000/6, the selection of shell thickness 
shall be based on an elastic analysis 
that shows the calculated 
circumferential shell stress to be 
below the allowable stress. 


4.4.2.1 CIVIL / MECHANICAL LOADS 


Wind & Seismic uplift load 



Liquid hold down weight 
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Figure 4-12 Loading Diagram 


4.5. 2. 3.4 Weight Loads 

When designing a tank and its 
foundation, the design engineer must 
consider the weight loads which are 
the weight of the tank and the 
maximum weight of its contents. 

Since most petroleum products are 
lighter than water, the heaviest weight 
load occurs during hydrostatic testing, 
which is done using water. 

4.5. 2. 3. 5 Total Pressure 

4. 5.2. 3. 5.1 Hydrostatic pressure 

The specific gravity of the liquid that is 
being stored, (G), in conjunction with 
the depth of the liquid, determines 
the hydrostatic pressure of the liquid, 
as illustrated in Figure 4-12. The total 
hydrostatic pressure at a given 
elevation in a tank must be considered 
in determining the required thickness 
of the tank shell. The specific gravity of 
the stored liquid must be specified on 
the Storage Tank Data Sheet (API-650 
Appendix L). 



Figure 4-13 Hydrostatic Pressure in a Storage 
Tank 

4.5.2. 3. 5. 2 Vapor pressure 
The internal pressure at which a 
storage tank will operate determines 
which API standard is to be used for 
the mechanical design of the tank and 
eg . linkedin . com/in/mo amenmohamedh 


its associated components. API-650, 
Welded Steel Tanks for Oil Storage, is 
the design standard for tanks that 
operate at internal pressures 
approximating atmospheric pressure. 
API-650 may also be used for tanks 
that operate at internal pressures up 
to 17 kPa (ga; 2.5 psig); however, 
additional design requirements that 
are contained in API-650 Appendix F 
must be followed if the internal 
pressure exceeds atmospheric 
pressure. The internal operating 
pressure is determined by process 
engineers based on the operating 
requirements of the stored 

4.5. 2. 3. 6 Roof Live Load 
The weights of items on the roof that 
are not a part of the permanent 
structure. 

• Personnel 

• Equipment 

• Rainwater & dust 

4.5.2.37 Wind Loads 
A strong wind can overturn or slide a 
tank off its foundation or cause a tank 
wall to collapse. Empty tanks are 
especially vulnerable to wind forces. 
Wind forces acting on tank 
appurtenances, such as platforms and 
ladders, can overload these 
appurtenances or their attachments to 
the tank. The pressure due to the wind 
varies around the circumference of 
the tank from a high pressure on the 
windward side to a low pressure 
(vacuum) on the leeward side. The 
effects of wind increase with 


20 | Page 


increasing height above grade. Wind 
blowing over the top of the tank can 
also cause a negative pressure or 
vacuum to act on the tank roof. 

4.5. 2. 3. 7.1.1 Overturning Stability 
against Wind Load 


Wind uplift load 

t 


InEernal pressure Toad 



Moments about 
shell to botlofm Joint 


l 

Liquid hold down weight 


Figure 4-14 Overturning Stability against Wind Load 


The wind pressure used in the analysis 
is given by API 650: 

W s = 0.86 kPa (V/190) 2 
Wind pressure on the vertical 
projected areas of cylindrical surface 
area. 

W r = 1.44 kPa (V/190) 2 

Uplift pressure on horizontal projected 

area of conical surface. 

V = design wind speed (3-sec gust), 
km/h= 129 

The tank will be structurally stable 
without anchorage when the below 
uplift criteria are meet:- 

0.6 M w + Mpi < M dl / 1.5 
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M w + 0.4 M pi < (M dl +M f ) /2 
M pi = moment about the shell to 
bottom from design internal pressure 
ip,) 

Mpi = (l D2p iH D “ 

M vi ==- * 28 2 * 17259.704*0.5*28 
=148787800.3 N.m 

M w = Overturning moment about the 
shell-to-bottom joint from horizontal 
plus vertical. 

Mw F r L r + F S L S 

F r and F s is the wind load acting on 
the roof and shell respectively and L r 
and L s is the height from tank bottom 
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to the roof center and shell center 
respectively. 

F r = 1440*(129/190) 2 *J * 28 2 

=408733. 8959 N 

L r = 0.5*28 =14 m 

F s =860 *(129/190) 2 *12*28 

= 133201. 7551 N 

L s = 0.5 *12 =6 m 

M w = 6521485. 073 N.m 

M dl = Moment about the shell-to- 
bottom joint from the weight of the 
shell and roof supported by the shell 
M dl =\ *W dl 

W DL = shel l+top angle+nozzle = 
(88165+17716+157.68)*9.8 
=1039179.64 N 
M dl = 1039179.64 * 28 * 0.5 = 
14548514.96 N.m 

Mf = Moment about the shell-to- 
bottom joint from liquid weight 
The liquid weight ( W/) = 

59 t b ^jF by * H 

w,= 59*(10-1. 5)*Vl2 * 205 

= 24873. 59 N.m 

=24873. 59 * 0.5 *28 

= 348230. 28 N.m 

M DLR = moment about the shell-to- 
bottom joint from the nominal weight 
of the roof plate plus any attached 
structural 

Mdlr = 

( roof + rafter + nozzles ) * 9.8 
* 0.5 * D 


= (49746 + 34034 + 99 . 07 ) * 9.8 * 
0.5 * 28 = 11508208. 4 N.m 

0.6 M w + M pi = 152700691.33 

> 

M d J 1.5 +M dlr = 21207218.38 
Tank need to be anchored 

4.5. 2.3. 7.2 Stiffener/ Wind Girder 

An open-top tank is essentially a 
vertical cylinder that is open at the top 
and closed at the bottom. As Figure 4- 
15 illustrates, this cylinder can be 
forced out-of-round by wind pressure 
that acts against it, unless adequate 
stiffness against deformation is 
provided by the shell alone or by other 
means. If excessive, shell out-of- 
roundness could prevent free vertical 
travel of the floating roof, or could 
cause the formation of cracks in shell 
welds. 



Figure 4-15 Shell Out-of-Roundness Caused By 
Wind 

Theoretically, there are two ways to 
provide adequate stiffness: 
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• The tank shell can be made 
sufficiently thick to provide all the 
needed stiffness, or 

• Some additional method of 
stiffening the shell can be provided. 

In most cases, it is not economical to 
make the shell thick enough to provide 
all of the necessary stiffness. 
Therefore, additional stiffness to resist 
shell deformation is provided by 
welding circumferential stiffening 
rings around the outside of the tank. 
These stiffening rings are referred to 
as wind girders. Figure 4-16 shows 
several typical configurations for wind 
girders, and illustrates the general 
placement of a top wind girder on a 
tank shell. 



4.5.2. 3. 7. 2.1 General Wind Girder 

Requirements 

API-650 requires that all open-top 
tanks be provided with stiffening rings 
(i.e., wind girders), that the stiffening 
rings be located at or near the top of 
the top course, and that they 
preferably be located on the outside 
of the tank shell. Stiffening rings will 
typically be made of standard 
structural sections, or will be formed 


from plate sections that are welded 
together and then welded to the shell. 
The general approach to wind girder 
design consists of determining the 
following: 

• The minimum required section 
modulus for the top wind girder. 

• Whether a second, intermediate 
wind girder must also be provided at 
some lower elevation on the shell. 

• The location of the intermediate 
wind girder (if one is needed). 

• The minimum required section 
modulus of the intermediate wind 
girder (if an intermediate wind girder 
is needed). 

API-650 contains additional general 
requirements for wind girders that 
cover the following topics: 

• Minimum sizes are specified for 
angles that are used as stiffening ring 
components or as a top curb angle. 
The minimum plate thickness that may 
be used for built-up stiffening rings is 
6.35 mm (1/4 in.). The minimum angle 
sizes that are specified will provide a 
basic level of structural rigidity to the 
tank. The minimum angle sizes are 
specified separately from the top and 
intermediate wind girder evaluations. 

Wind girders must have drain holes to 
remove trapped liquid. Trapped liquid 
could cause accelerated corrosion of 
both the wind girder and the adjacent 
portion of the tank shell. 

• Size, location, and design details are 
specified for wind girders that are 
regularly used as walkways. These 
details ensure that personnel safety is 
considered in wind girder design. 
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• Wind girder support requirements 
are specified. These requirements 
include criteria for designs where 
support is needed, along with 
maximum spacing limits between wind 
girder supports. 

• Design details are specified for the 
region of a wind girder where the tank 
stairway passes through the wind 
girder. The opening through the wind 
girder that is required to permit 
stairway access locally weakens the 
wind girder. Stiffening requirements 
are specified to reinforce this area. 

4.5.2.3.7.22 Top Wind Girder Design 

Calculations 

As previously stated, API-650 requires 
that all open-top tanks be provided 
with a stiffening ring that is located at 
or near the top of the tank. This 
stiffening ring is the top wind girder. 
The purpose of the top wind girder is 
to ensure that the top section of the 
tank shell is stiff enough to prevent 
deformation which may be caused by 
the design wind velocity blowing 
across the entire tank shell. 

The top wind girder must be sized to 
have a large enough section modulus 
to provide adequate shell stiffening. 
Top wind girder design calculations 
consist of determining the minimum 
required section modulus, and then 
selecting a large enough wind girder 
section to provide this section 
modulus. API-650 contains an 
equation to calculate the minimum 
required top wind girder section 
modulus. The required top wind girder 
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section modulus is based on the tank 
diameter and shell height. API-650 
also contains a table which 
summarizes the section module of 
various structural shapes and 
attachment configurations to the tank 
shell. API-650 permits the inclusion of 
a portion of the tank shell in the wind 
girder section modulus. 

This inclusion is accounted for in the 
section modulus table. 


Z = Minimum required section 
modulus, cm 3 

D = Nominal tank diameter, m 
H 2 = Height of the tank shell, in m, 
including any freeboard provided 
above the maximum filling height 
V = design wind speed (3-sec gust), 
km/h 


Not required for our tank 




Figure 4-17 Typical Stiffening-Ring Sections for 
Tank Shells 

4.52.3.7.2.3 Intermediate Wind 

Girder 

Situations exist where just a top wind 
girder alone will not provide enough 
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shell stiffness for a given combination 
of tank height, tank diameter, and 
tank shell course thicknesses. Put in 
simple terms, the distance between 
the top wind girder and the tank 
bottom is too large, in these 
situations, to resist wind induced shell 
deformation. Installation of an 
intermediate wind girder at a location 
between the top wind girder and the 
tank bottom reduces the unstiffened 
length of the shell, and is required in 
order to prevent shell deformation in 
these cases. Intermediate wind girder 
design calculations in accordance with 
API-650 requirements consist of the 
following general steps: 

• Determine if an intermediate wind 
girder is needed, based on design wind 
velocity, tank diameter, and shell 
course thicknesses. 

• Locate the intermediate wind girder. 

• Calculate the minimum required 
section modulus of the intermediate 
wind girder and select a standard 
structural shape that provides this 
section modulus. The ideal location of 
the intermediate wind girder is such 
that the portions of the tank shell 
between the intermediate wind girder 
and the top wind girder, and between 
the intermediate wind girder and the 
bottom of the tank, have 
approximately the same stiffnesses. It 
would be incorrect, however, to locate 
the intermediate wind girder at the 
mid-height between the top wind 
girder and the tank bottom. As we've 
seen from the earlier shell thickness 
calculations, the tank shell thickness 
decreases in going from the bottom to 
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the top course. Because the lower 
courses are thicker than the upper 
courses, the lower portion of the tank 
shell is inherently stiffer than the 
upper portion of the tank shell. 
Therefore, if the intermediate wind 
girder was located at the mid-height of 
the shell, the upper portion of the 
tank shell would not be stiffened 
enough. 

The API-650 procedure for locating the 
intermediate wind girder considers 
the variation in shell course thickness. 
As illustrated in Figure 4-18, the API- 
650 procedure mathematically 
converts the actual tank shell height to 
a "transformed shell" height. The shell 
transformation is done by accounting 
for the actual individual course 
thicknesses. The transformed shell 
then has the same stiffness 
throughout its height. Locating the 
intermediate wind girder at the mid- 
height of the transformed shell results 
in equal shell stiffness both above and 
below the intermediate wind girder. 
The intermediate wind girder is then 
located on the actual tank shell in the 
same course and in the same relative 
position within that course as it is on 
the transformed shell. Using this 
approach, the intermediate wind 
girder is located much higher than the 
mid height on the actual tank shell. 
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Actual Tank Shell ^ Transformed Tank Shell 

Figure 4-18 Transformed Shell and Intermediate 
Wind Girder 


4.5.2. 3. 7.2.4 The maximum height of 
unstiffened shell 


Hi = 9.47 t 


t 190 , 

(-) 3 ( ) 2 

4r y V J 


H t = Vertical distance, in m, between 
the intermediate wind girder and top 
wind girder 

t = Thickness of the thinnest shell 
course, mm=8 

D = Nonimal tank diameter, m=28 
V = design wind speed (3-sec gust), 
km/h=129 


Hi = 9.47 * 8 


8 190 

(— ) 3 ( ) 2 

y 2W 429 ' 


H 1 = 17.04 m 


4. 5.2.3. 7.2.5 The height of the 

transformed shell (H 2 ) 


W tr = W 


N 


^uniform N r 

~t } 

L actual 


W = Actual width of each shell course, 

mm = [2400 2400 1500 1500 

1500 1500 1182 ] 

t un iform = Thickness of the thinnest 
shell course, mm=8 


tactual = Thickness of the shell course 
for which the transpose width is being 
calculated, mm= [14 12 10 8 8 8 10] 
W tr = Transposed width of each shell 
course, mm=[592.4 870.93 858.65 
1500 1500 1500 676.62 ] 

The sum of the transposed width of 
the courses will be the height of the 
transformed shell (f/ 2 = Z W tr )- 
H l =f J W tr = 7498.60 mm 
If the height of transformed shell is 
greater than the maximum height of 
un-stiffened shell, intermediate wind 
girder is required. 

H 2 <Hj 

Intermediate Wind Girders not 
required 

4.5. 2. 3. 8 Seismic design 
The vibration of liquid filled tanks 
subject to seismic loading depends on 
the inertia of the liquid and on the 
interaction effects between the liquid 
and the tank shell. 
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Figure 4-19 Seismic Diagrams for a Floating Roof 
Tank 


4.5. 2. 3. 8.1 Liquid response modes 



(a) Tank 



(b) Spring mass model 


Figure 4-20 spring mass models 


l-The impulsive component: 

The part of the liquid in the lower part 
of the tank which moves with the tank 
& foundation as though it were a solid. 


It experiences the same accelerations 
as the earthquake. 
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Mode of vibration Pressure distribution 



Figure 4-21 the impulsive component 


2-The convective component: the part 
of the liquid in the upper part of the 
tank which is free to form waves or to 
slosh. It has a much longer natural 
frequency time than the impulsive 
portion. 



Mode of vibration 



Figure 4-22 the convective component 


Resultant of convective 
pressure on wall 



K t 
* 

. f < 

(c) Convective (d) Convective pressure on 

pressure on wall wall and base 

Figure 4-23 the convective force 

NOTE: Sometimes, vertical columns 
and shaft are present inside the tank. 
These elements cause obstruction to 
sloshing motion of liquid. In the 
presence of such obstructions, 
impulsive and convective pressure 
distributions are likely to change. At 
present, no study is available to 
quantify effect of such obstructions on 
impulsive and convective pressures. 


Resultant of convective 
pressure on wall and base 



However, it is reasonable to expect 
that due to presence of such 
obstructions, impulsive pressure will 
increase and connective pressure will 
decrease. 


4.5. 2. 3. 8.2 Seismic overturning 

stability 

The seismic overturning moment at 
the base of the tank shall be the SRSS 
summation of the impulsive and 
convective components. 

M= 

J[A t (W l .X l + W S .X S + W r .X r )] 2 + [A C .W C .X C ] 2 


Ai= Impulsive response coefficient 



( 0 * 1 . 6 * 0 . 12 * 1.5 

4 


0.048 


S Ds = Design spectral response 
acceleration at 0.2 sec & 5% damped = 
(2/3) Fa* Ss=2/3*1.6*. 12=0.128 g 


Wi = Effective impulsive liquid weight 


tanhf 0.866 

Wt= 0 866 - *%(%= Total 


liquid weight) =31622675 . 28 N 


Xi =Height from the bottom of the 
tank shell to impulsive force 

X t = 0 .375 H=4.5 m 

W s = Total weight of the tank shell 

W s = (shell+ top angle + nozzle) = 
(88165+17716+157. 68)*9. 8 
=1039179.64 N 


=Height from the bottom of the 
tank shell to the shell's center 
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X s = (H/2) =6 m 

W r = Total weight of fixed tank roof 


W r = ( roof + rafter + nozzle ) * 9.8 
=(49746 + 34034 + 99.07) * 9.8 = 
822014. 886 N 

X r = Height from the bottom of the 
tank shell to the roof 

X r = 14.46 m 

. „ i i 

A. c — K * Sni * * 

c wl T C R W c 

0.578 r- 
T c = 1.8 — V7) 

f^T) 

[Convective (Sloshing) Period] 

T c = 1.8 * 0.6032119694 *a/ 28 = 
5.745415892003654 sec 

k = Coefficient to adjust the spectral 
acceleration from 5% - 0.5% damping 
= 1.5 unless otherwise specified 

S D1 = (2/3)* F v * 5 1= (2/3)*1.9*0.24 = 
0.3040 g 

A c = 1.5 * 0.3040 
*(1/5.745415892003654) *(1/2) = 
0.0397 


W c = 0.23 ^Wp tanh(^-^) 

W c = =32588075.29 N 


x c = 


. . 3.67 H. , 

1 _ cosh( — )— 1 


3 . 67 H . , 3 . 67 H 

— - — sinh — - — 


.H 


X c = 6.992188019 m 


M rw = 1.1877e+07 N.m 



Figure 4-24 Ss spectral response acceleration at 
0.2 sec & 5% damped 



Figure 4-25 SI spectral response acceleration at 1 
sec & 5% damped 


Site C lass 

Si <, 0.1 

Si = 0.2 

A 

0.8 

0.8 

B 

1.0 

1.0 

C 

1.7 

1.6 

D 

2.4 

2.0 

E 

3.5 

3.2 

F 

a 

a 


Table 4-26 Value of FV as a Function of Site Class 


Site Class 

S s < 0.25 

S s = 0.50 

A 

0.8 

0.8 

B 

1.0 

1.0 

C 

1.2 

1.2 

D 

1.6 

1.4 

E 

2.5 

1.7 

F 

a 

a 


Table 4-27 Value of Fa as a Function of Site Class 


Occupancy category 

I 

lor II 

1 

III 

1.25 

IV 

1.5 


Table 4-28 / = importance factor 


Occupancy category: Buildings and 
other structures shall be classified, 
based on the nature of occupancy, for 
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the purposes of applying flood, wind, 
snow, earthquake, and ice provisions. 
The occupancy categories range from I 
to IV, where Occupancy Category I 
represents buildings and other 
structures with a low hazard to human 
life in the event of failure and 
Occupancy Category IV represents 
essential facilities. 


Anchorage System 

^wi 

Rwc 

Self-anchored 

3.5 

2 

Mechanically - anchored 

4 

2 


Table 4-5 R wi = Response Modification Factor 
(Factors used for force reduction) 

4.5.2.3.83 Base Shear Force 
Base shear is defined as the SRSS 
combination of the impulsive and 
convective components 

v = j Vi 2 + Vc 2 

V,=A t (14' + W r + W, + W,)= 
1.6339e+06 N 
V c = A c W c = 1.2932e+06 N 
V =2.0837e+06 N 

Wi = Effective impulsive portion of 
liquid weight, N 

W s = Total weight of the tank shell, N 
W r = Total weight of fixed tank roof 
including framing, knuckles, any 
permanent attachments and 10% of 
the roof design snow load, N 
Wf = Total weight of the bottom, N 
W c = Effective convective (sloshing) 
portion of liquid weight, N 


4.5.23.8.4 Freeboard 



Figure 4-29 Sloshing Wave of Liquid inside Tank 

S s — 0.5 D Af 

Af= 1.5 S D1 =0.05066 

T: 

T l is measured (assumed =4 sec) 
S s =0.5 * 28 * 0.0827 =0.709 m 

4.5.23.8.5 Anchorage requirement 
The anchorage requirement is checked 
by the Anchorage Ratio, J, it will 
determine whether the tank can be 
self-anchored or mechanically 
anchored. 

j 4f ru/ 

D 2 [w t (l-0AA v )+w a - 0.4 w int ] 


Anchorage 

Ratio 

Criteria 

J < 0.785 

No calculated uplifted 

The tank is self- 

anchored. 

0.785 < 

J <1.54 

Tank is uplifting, 

Check shell 

compression 

requirements. 

Tank is self-anchored. 

J > 1.54 

Tank is not stable 


Table 4-6 Anchorage Ratio Criteria 


w t = Weight of tank shell & portion of 
roof supported by shell 

Wf = nD + Wrs ( R °°f ' oac * act ' n § on 

shell) 
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w rs = assumed = 0 

w t = — = 1.181361260474688e+04 

c nD 

N/m 

W in t= Uplift due to internal pressure 
w lnt = (jD 2 P,) 
w int =1.20817928e+05 N/m 


Since o c <F C , therefore the tank is 
structurally stable 


4.5. 2. 3. 8.7 Anchorage Design 

The design uplift load on the anchor 

bolts due to the seismic is determined 


w A b= 


'1.273 M r 
tf— 


- w t (l - 0AA v ) 


w a = Resisting force of annulus = 
7.9 t a Jf&M 


+ w int 

Wj4B * n * D < 0.8 S y (Bolt allowable 

n.au y ' 


f y = Min. specified yield strength of 

bottom annulus = 205 Mpa 

G e = Effective specific gravity including 

vertical seismic effect 

G e = G*(l - 0.4A V ) = 0.914 *(l-0.4*0.7) 


tensile strength) 

w AB = 131596.93 N/m 

S y =655 Mpa 

For bolt (A193 Gr B7) 


G e =0. 65808 N = 54 

A v = A b =- 0.06 2 = 2. 827433e-3 m 2 

4 

( Vertical earthquake acceleration coefficiwftfe)* n * D 
(given or Fv 


w eff 


) = assumed = 0.7 


N. A, 


(75.81715991 MPa ) 


< 


w a = 41824.5612 N/m 

J = 7.5625 

Tank is not stable 


0.8S y (524 MPa) (Bolt allowable 
tensile strength) 


Anchorage is accepted 


4.5.2. 3. 8. 6 Shell Compression 
The maximum shell longitudinal 
compression stress at the bottom of 
the shell 

°c = 


^Wj(l + 0.4i4j;) + 


1.273 Mrw \ \ 

D 2 ) 1000 t s 


a c =2 .7525 MPa 


The shell compression stress has to be 
less than the allowable stress F c 
83 t c 


Fr = 

c 2.5 D 


+ 7.54g~H 


4.5. 2. 3. 9 Roof 

4.5.2. 3.9.1 Roof radius ( r r ) 
Minimum radius = 0.8D (unless 
otherwise specified by the 
Purchaser)=0.8*28=22.4m 

Maxim radius = 1.2D=1. 2*28=33. 6m 

4.52.3.9.2 Roof Nominal thickness 


F c = 39.6599 MPa 


t = — — +C.A=12.408= 14 mm 

2.4- 
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T -D l + ( S v or S b ) + P e 
Su or S b =0 (NO snow load) 

P e = 0.25 KPa (external pressure) 
D l = dead load of tank 


~ total tank weight (2240672)*9.8 ___ 

D l - — n —3.638 


-*28*28 

4 


9 KPa 


4. 5.2. 3.9. 3 Top angle 
According to API 650 for tanks with 
diameter more than 28 m minimum 
top angle size used is 75*75*10 mm 

4.5.2.4 FOUNDATIONS 

The foundation supports the tank and 
prevents it from settling or sinking into 
the ground. The foundation under a 
tank should: 

• Provide a stable surface for 
supporting the tank 

• Limit total settlement to amounts 
that can be tolerated by the 
connecting pipes 

• Limit differential settlement around 
the tank circumference and across the 
bottom to amounts that can be 
tolerated by the tank shell and bottom 

• Provide adequate drainage an 
improperly designed or constructed 
foundation can cause a tank to: 

• Distort 

• Leak 

• Rupture 

• Break its connecting pipes 

• Have surface-water drainage 
problems 

• Corrode on the bottom Appendix B 
of API 650 gives recommendations 
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presents the following requirements 
for the design and construction of tank 
foundations: 

• The grade or surface on which the 
tank bottom rests should be at least 
0.30 m (1 ft.) above the surrounding 
ground surface. This grading provides 
drainage, keeps the bottom of the 
tank dry, and compensates for minor 
settlement. The elevation specified for 
the tank bottom surface should also 
consider the amount of total 
settlement that is expected. 

• Unless the foundation is concrete, 
the top 75 - 100 mm (3 or 4 in.) of the 
finished grade should consist of sand, 
gravel, or small crushed stone [not 
more than 25 mm (1 in.) in diameter]. 
The finished grade may be oiled (or 
stabilized in some other manner) 
preserve the contour during 
construction and to protect the tank 
bottom from moisture that will cause 
it to corrode. 

• To facilitate drainage, the finished 
tank grade is usually sloped upward or 
downward from the outer periphery 
to its center depending on whether an 
upward cone or downward cone is 
specified for the tank bottom. 
Pressurized tanks are anchored to 
their foundations. In the case of a flat- 
bottomed tank with internal pressure, 
anchoring helps prevent the pressure 
from rounding the tank's bottom and 
lifting the tank off its foundation when 
the liquid level is low. 

Rounding creates stresses within the 
bottom of the shell and the outer edge 
of the bottom that could cause the 
tank to fail. Atmospheric storage tanks 
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are not normally anchored, unless 
anchoring is needed for wind or 
earthquake loading. 

4.5. 2. 5 Soil 

Before the foundation and tank are 
constructed, the design engineer must 
estimate how much settlement will 
occur during the operating life of the 
tank. In some cases, it may be 
necessary to prepare the soil to better 
support the loads that will be placed 
on the soil. Common soil-preparation 
techniques are as follows: 

• Preloading 

• Compaction 

• Excavation and backfill 

4.5. 2. 5.1 Preloading 

Preloading the soil is the preferred 
method of preparation. The soil is 
preloaded by placing material on top 
of the ground that will be supporting 
the foundation and tank. The amount 
of material piled on top usually equals 
or exceeds the weight of the 
tank and foundation when the tank is 
filled. The material must be left in 
place long enough to allow the soil to 
compact under the weight. This time 
period depends on the type of soil and 
thejrate at which it consolidates. The 
preload time could be six months or 
more. 

4.5. 2. 5. 2 Compaction 

When there is insufficient time to 
preload the soil and the existing soil is 
to be maintained, the soil may be 
stiffened by compaction. The soil is 
compacted by beating or pounding the 


surface with equipment specially 
designed for this purpose. 

4.5. 2. 5. 3 Excavation and Backfill 
When the existing soil does not 
provide the appropriate 
characteristics for the foundation, it 
may be removed and replaced by a 
more satisfactory soil or engineered 
fill. The existing soil must be removed 
to a depth sufficient to ensure 
proper support of the foundation and 
filled tank. The new soil or engineered 
fill must then be properly compacted 
during placement and before the 
foundation and tank are constructed. 

4.5. 2. 5. 4 Types of Foundations 

The following sections discuss these 
types of foundations: 

• Compacted earth with oiled sand 
pad 

• Ring walls 

- Crushed stone ring wall 

- Concrete ring wall 

• Concrete pad 

• Piled foundation 

4.5.2. 5.4.1 Compacted Earth with 
Oiled Sand Pad 

The compacted earth with oiled sand 
pad foundation is the simplest and 
least expensive type of foundation. 
This type of foundation is used for 
small flat-bottomed tanks constructed 
on stable soil. Figure 4-30 shows the 
construction of the compacted earth 
and oiled sand pad foundation. 
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Compacted earth 

Figure 4-30 Compacted Earth with Oiled Sand Pad 


• Ring walls are more expensive to 
construct than compacted earth and 
oiled sand pads. 

4.5. 2. 5.4.2. 1 Crushed Stone Ring wall 
- Construction of the crushed stone 
ring wall is illustrated in Figure 4-31. 


4.5.2. 5.4.2 Ring walls 
A ring wall foundation consists of a 
ring of support material enclosing an 
area of compacted fill. Ring walls are 
used for the following: 

• Larger tanks 

• Tanks with high shells 

• Tanks with skirts 

• Tanks built on soil that is likely to 
erode 

Ring walls help prevent shell distortion 
in floating roof tanks. When compared 
to an oiled sand pad, ring walls 
provide the following advantages: 

• Better distribution of the shell load 

• A level, solid starting plane for 
construction of the shell 

• Better means of levelling the tank 
grade Preservation of the tank grade 
contour during construction 

• Retention of the fill under the tank 
bottom and prevention of material 
loss due to erosion 

• Minimal moisture under the tank 

The disadvantages of ring walls are as 
follows: 

• A different material is used in the 
ring wall and the compacted fill. As a 
result, the compacted fill can settle, 
creating stresses on the bottom of the 
tank at the boundary between the ring 
wall and the compacted fill. 


Tank 



Compacted fill 

Figure 4-31 Crushed Stone Ring wall 


4.5. 2. 5.4.2. 2 Concrete Ring wall 
- Construction of the concrete ring 
wall is illustrated in Figure 4-32. 

When a tank needs to be anchored, 
the concrete ring wall provides a more 
convenient anchoring than the 
crushed stone ring wall. When 
compared to the crushed stone ring 
wall, the concrete ring wall is more 
likely to have differential settlement 
between the ring wall and the fill 
inside the ring wall. Also, the concrete 
Ring wall is more expensive to 
construct than the crushed stone ring 
wall. 



Figure 4-32 Concrete Ring wall 
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4.4.2. 3. 1.3 Concrete Pad 

The concrete pad is used with tall, 
small-diameter tanks. The concrete 
pad is a solid, reinforced-concrete slab 
placed directly on the soil. The 
concrete pad provides a means of 
anchoring the tank. Figure 4-34 
illustrates a concrete pad. 



Figure 4-34 a concrete pad. 


4.5.2. 5.4.3 Piled Foundation 
A piled foundation for a tank consists 
of a concrete slab or pile cap on which 
the tank rests and piles (columns) 
embedded into the soil below the 
slab. 

The pile material may be reinforced 
concrete, steel, or timber. The size, 
length, and number of piles depend on 
soil conditions and on the size and 
weight of the tank. A geotechnical 
specialist usually determines the pile 
requirements based on the results of a 
soil investigation program. 

A piled foundation is used where the 
following conditions exist: 

• Unstable soil 

• Tank weight may cause soil to push 
out from under the tank 

• Too much settlement may result 
from excessive compression of soil 
under the tank 

The advantages of a piled foundation 
are as follows: 

• It may be used with any size of 
tank 


• It provides convenient 
anchoring for the tank 

Disadvantages are as follows: 

• It is the most difficult 
foundation to correct if 
problems occur 

• It is the most expensive 
foundation to construct 

A piled foundation gets its supporting 
capacity from the piles driven into the 
ground. The two sources of the 
vertical load supporting capacity for a 
pile are (1) the friction along the 
length (sides) of the pile and (2) the 
bearing capacity at the bottom end 
of the pile. Figure 4-35 illustrates a 
piled foundation 



Concrete Slab 


— Finished 
Grade 


Luimu 

Figure 4-35 Piled Foundation with Concrete Slab 


4.5.2.6 EFFECTS OF TYPES OF 

SETTLEMENT ON STORAGE 

TANKS 


4.5. 2. 6.1 Background 
The excessive settling of a tank can 
cause serious tank operating problems 
and lead to tank failure. Therefore, a 
key step in tank design is estimating 
the amount of settlement the tank's 
shell will undergo in its lifetime. The 
desired maximum 

Lifetime settlement is usually less than 
0.3 m (1 ft.). When settlement 
exceeds 0.3 m (1 ft.), there may be 
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serious problems with the storage 
tanks, shell, annular plate or bottom. 

4.5. 2. 6.2 Types of Settlement 
The settling of a tank is classified by 
the type of shell settlement and the 
type of bottom settlement. When a 
tank shell settles, the settlement can 
be classified as 

Uniform, planar tilt or deviation from 
planar tilt. When a tank bottom 
settles, the settlement can be 
classified as center-toedge or local 
shell and bottom. 

The following sections discuss these 
types of settlement: 

• Uniform 

• Planar tilt 

• Deviation from planar tilt 

• Center-to-edge 

• Local shell or bottom 

4. 5.2. 6.2.1 Uniform 
When the tank shell remains level as 
the tank settles, uniform settlement 
has occurred. Uniform settlement 
does not cause significant stresses or 
distortions in the tank. This type of 
settlement requires correction only 
when the foundation or piping 
connections develop problems. Figure 
4-36 illustrates uniform settlement. 


Shell settles but remains level 



Figure 4-36 Uniform Settlement 

Uniform settlement can cause the 
following: 


• Overstressing of the connecting 
piping and associated tank nozzle. 

• Blockage of surface water drainage 
from the tank pad, which could cause 
corrosion of the tank shell or bottom 

4.5. 2. 6.2. 2 Planar Tilt 
When the tank's shell tilts as the tank 
settles and the bottom of the shell 
remains in a single plane, planar tilt 
settlement has occurred. The bottom 
plane does not distort; it only tilts. 
Figure 4-3/ illustrates planar tilt. 


Shell settles and tilts 



Figure 4-37 Planar Tilt Settlement 


As the shell tilts, stresses are 
introduced that change the shape of 
the shell. As a result of these stresses, 
the top of the tank becomes elliptical. 
Planar tilt settlement can cause the 
following: 

• Malfunction of floating roof seals 

• Binding of a floating roof 

• Problems with connecting pipes 

• Problems with surface water 
drainage from the tank pad 

• Buckling in flanges or webs of wind 
girders 

4.5. 2. 6.2. 3 Deviation from Planar Tilt 
When the shell does not remain in a 
plane as it settles, deviation from 
planar tilt or differential settlement 
has occurred. Figure 4-38 illustrates 
deviation from planar tilt. 
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Shell may 



Figure 4-38 Deviation from Planar Tilt Settlement 


Deviation from planar tilt settlement 
can cause the following: 

• Malfunction of floating roof seals 

• Binding of a floating roof 

• Problems with connecting pipes 

• Problems with surface water 
drainage from the tank pad 

• Buckling in flanges or webs of wind 
girders 

• Shell buckling 

• Overstress of the shell or bottom 
plates 

4.5.2. 6.2.4 Center-to-Edge 

When the support under the bottom 
of the tank settles more than the 
support under the shell of the tank, 
center-to-edge settlement has 
occurred. Figure 4-39 illustrates 
center-to-edge settlement. 



Figure 4-39 Center-To-Edge Settlement 


Excessive center-to-edge settlement is 
most likely to cause the following: 

• In tanks under 45 m (150 ft.) in 
diameter, buckling of the bottom shell 
course 

• In tanks over 45 m (150 ft.) in 
diameter, failure in the bottom plates 
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• Inaccuracies in tank gauging 

4.5. 2. 6.2. 5 Local Shell or Bottom 
When the shell and bottom do not 
settle together or if local areas of the 
bottom settle differently from the rest 
of the bottom, local shell or bottom 
settlement has occurred. Figure 4-40 
illustrates local shell or bottom 
settlement. 



Figure 4-40 Local Shell or Bottom Settlement 

In local shell or bottom settlement, 
significant stress may develop in the 
bottom plates, their attachment 
welds, the bottom-to-shell junction 
weld, or the lower section of the shell. 
This stress can cause the bottom of 
the tank to fail. 

4.5.2. 7 FUNCTIONS OF 

APPURTENANCES AND THE 
OPERA TION OF SAFETY 
SYSTEMS OF STORAGE 

TANKS 

This section discusses the functions of 
storage tank appurtenances and the 
operation of safety systems. 

4.5. 2. 7.1 Functions of 

Appurtenances 

Figures 4-41, 4-42, 4-43 illustration of 
the various types of storage tanks to 
identify appurtenances. 

The appurtenances that are shown 
and other appurtenances are 
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discussed in the paragraphs that 
follow. The figures also highlight 
several other tank construction details 
in order to aid clarity. 


Open vent 

(if pressure/vacuum vent not used) 



Figure 4-41 Appurtenances on Cone Roof Tank 



Figure 4-42 Appurtenances on Floating Roof Tank 
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Figure 4-43 Appurtenances, Low-Temperature Tank 


Appurtenances are auxiliary 
equipment items that are added to 
storage tanks to perform specific 
functions. The types and number of 
appurtenances that are installed on a 
specific tank depend on the storage 
tank type, size, and service. The 
paragraphs that follow highlight the 
function of the following 
appurtenances: 

• Vents 

• Drains 

• Seals 

• Heaters 

• Mixers 

• Access Hatches 

• Platforms, Ladders, and Stairways 

• Gauging devices 

Later modules discuss some of these 
appurtenances in more detail. 

4.5.2.7.1.1 Vents 

Vent connections on fixed roof 
atmospheric storage tanks prevent 
both an excessive positive pressure 


and a vacuum condition within the 
tank when it is filled and emptied or 
during fire emergency conditions. 
Safety valves on pressurized storage 
tanks ensure that the tank's internal 
pressure does not exceed its design 
capabilities. 

Rim vents on floating roofs relieve 
excessive vapor pressure that can 
build up under the floating roof seal. 
Automatic bleeder vents on floating 
roofs open automatically when the 
roof approaches its lowest level of 
operation and close automatically 
when the roof rises above this level. 
These bleeder vents allow ventilation 
of the vapor space that is created 
between the liquid level and the roof 
when the roof is at its lowest position 
and rests on its support legs. 
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Push rod touches floor before roof legs 
, Valve initially open 

J ^ 

Air / Vapour ou ^ ^ 


Product 


Air / Vapour out 


\ 

Root resting on support leg 


, Valve closes 
















The venting capacity for 
maximum liquid filling will be 
17 m 3 /h of free air for each 
15.9 m 3 /h of maximum Filling 
rate. 

Flow rate of free air for liquid 
movement, 

V pl =Vj 15.9 * *17 

Cross sectional area of vent 

A — 

r\ V jrq 

maximum flow rate 
AP = Pressure different 
y= Specific weight of air 
A v _rq= Cross sectional area of 
vent 

k= Discharge Coefficient, 0.62 
for circular 


Q I r 

k ^2gAp 



Product 


Filling In 

Figure 4-44 Rim vents 

The design data for the venting design 
is as follow: 

• Design Filling Rate, V* 

• Design Emptying Rate, V 0 

The vacuum venting (In-Breathing) 

• The venting capacity for 
maximum liquid emptying will 
be 15.86 m 3 /h of free air for 
each 15.9 m 3 /h of maximum 
empty rate. 

• Flow rate of free air for liquid 
movement, 

• V v i= V 0 / 15.9 *15.86 

The pressure venting (out-Breathing) 


4. 5. 2. 7. 1.2 Drains 

Drains in the roof of external floating 
roof tanks remove accumulated 
rainfall and thus prevent accumulation 
of excessive rainwater which could 
overload a floating roof and damage it 
or cause it to sink. Figure 4-45 
illustrates a typical floating roof drain 
system. A sump is located in the 
center of the roof. 

The sump has a pipe Connection and 
check valve installed in it. Either 
articulated pipe with swivel joints (as 
shown in Figure 4-45) or flexible hose 
connects the pipe to an outlet nozzle 
that is located in the bottom shell 
course. When the tank is filled and 
emptied, the Flexibility of the pipe or 
hose permits the needed free vertical 
roof movement. 

The check valve is oriented to permit 
rainwater to flow off the roof but to 
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prevent any stored liquid from getting 
on the roof. Stored liquid could get on 
the roof if the pipe or hose failed. The 
block valve at the shell outlet nozzle is 
opened as needed to drain any 
accumulated rainwater. 



Figure 4-45 Typical Floating Roof Drain System 


Atmospheric storage tanks are 
frequently equipped with an internal 
water draw off sump and drain Figure 
4-46. Water can enter a tank from 
atmospheric breathing, with the 
stored hydrocarbon as either free or 
dissolved water. Water can also enter 
a tank when water that has 
accumulated on top of an external 
floating roof leaks into the tank. The 
sump and drain are used to remove 
the water that collects at the bottom 
of the tank under the hydrocarbon 
that is being stored. A water draw off 
valve located at the tank shell is 
opened periodically to drain 
accumulated water. Figure 4-46 
illustrates the water draw off sump 
and valve. 

If water that has entered the tank is 
not periodically removed, it 
accumulates until it is drawn out with 
the hydrocarbon. This accumulated 
water can result in a product being out 
of specification, or it can disrupt the 
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operation of downstream process 

units. In addition, the presence of 

water in the bottom of tank increases 

bottom corrosion, promotes biological 

growth, and can significantly increase 

the number of sulfate-reducing 

bacteria, which can cause severe tank 

bottom pitting. 

Block 

valve 

| Water drawoff pipe 



Figure 4-46 Internal Water Draw off System 


4.5.2.7.1.2.1 Drain Pipe Design 
The Rain Fall, RH (m/hr) (given) 

The Drainage (Q) = RH x deck area 
(m 3 /hr) 


A = Q/V 


V = 


2 g Az 


Z — +1 


f= Flow Coefficient, d=pipe diameter 
1= Pipe Length, Az =elevation 
- Select the Drain Pipe (Ex. 4" Schedule 
80) 


4.5.2.7.1.3 Seals 

Seals are located between the roof 
outside diameter and the tank inside 
diameter on external and internal 
floating roof tanks. These seals close 
the gap between the roof and shell. 
Closing the gap in this manner 
minimizes hydrocarbon emissions and 
permits free vertical motion of the 
roof as the stored liquid level changes. 

Seals typically have either a metal 
plate or a flexible membrane between 
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the roof pontoon and the tank shell. 
When a metal-plate-type of seal is 
used, a counterweight system is used 
to press the metal plate against the 
tank wall. Figure 4-47 illustrates this 
type of seal. 



Figure 4-47Metal-Plate-Type Floating Roof Seal 

Other seals consist of tubes that are 
filled with solid foam, liquid, or air. 
Figure 4-48 illustrates a typical seal for 
an internal floating roof. 



Figure 4-48 Typical Seal for Internal Floating Roof 

4.5.2. 7. 1.4 Heaters 
Heating coils or heaters are installed in 
tanks that store products that have a 
high pour point (products that are 
very viscous at ambient temperature). 
These heaters warm the product and 
make it easier for the product to flow 
and empty out. 


Occasionally, other tanks have heating 
coils or heaters to prevent 
solidification of accumulated sludge. 

4.5.2. 7. 1.5 Mixers 

Mixers are installed in storage tanks to 
blend products, to prevent sludge 
deposition, and to maintain bottom 
sediment and water in suspension, 
thus preventing bottom sediment and 
water from accumulating at the 
bottom. The most common type of 
mixer uses propeller-type mechanical 
agitators. Figure 4-49 illustrates a 
propeller-type mixer. 



4.4.2. 5. 1.6 Access Hatches 
Access to the interior of a tank is 
required to permit inspection and 
maintenance activities and liquid level 
gauging. Access to the tank interior is 
provided by multiple manways in the 
tank shell and by at least one large 
cleanout fitting that is installed flush 
with the tank floor. Fixed and floating 
roofs are equipped with access 
manways and tank-level gauging 
hatches for either manual or 
automatic gauging. 
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4.5.2. 7.1. 6 Platforms, Ladders, and 

Stairways 

All tanks have a platform at the top of 
the shell with a means to access the 
platform. The platform is needed to 
reach the roof and gauge well. 
Typically, large-diameter tanks use 
spiral stairways and small-diameter 
tanks use standard vertical ladders. 
Floating roof tanks also have a rolling 
ladder that extends from the platform 
down to the roof. The end of the 
ladder nearest the shell can pivot, and 
the end on top of the roof has wheels 
that are mounted within rails. This 
"rolling ladder" arrangement permits 
the ladder to move freely without 
binding or damaging the roof as the 
level of the stored liquid changes. 



4.4.2. 5.1.8 Gauging Devices 
Every tank must have at least one 
level-gauging device that is readable 
from grade. The float-type automatic 
tank level gauge is the most common 
type and is illustrated in Figure 4-51. 
One end of a perforated tape is 
connected to a float in the tank, and 
the float acts to sense the liquid level 
for the gauge. The other end of the 
tape runs over alignment wheels that 
are positioned inside pipe and down 
the side of the tank to a storage drum 
in the gauge head. As the float moves 
vertically in the tank, the tape winds 
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and unwinds on the drum and 
registers the liquid level on a counter 
mechanism. A motor that is located in 
the gauge head is typically used to 
maintain a constant tension on the 
tape regardless of float position. 



Figure 4-51 Float-Type Level-Gauging Device 


4.4.2. 5.1.9 Support leg 
Support leg is the supporting element 
for the floating roof when the tank is 
empty where the roof fall to its lowest 
position. The roof needed to be 
supported at a certain height above 
the floor not only that the roof will 
not foul with any internal accessories 
that installed at the lowest shell such 
as heating coil, mixing propeller, it also 
provide access room for maintenance 
personnel. 



Figure 4-52 Support leg 
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4.5.2. 7.1.7 Safety Systems 

All tanks are equipped with safety 
systems. The following paragraphs 
briefly explain the operation of fire- 
fighting systems, the use of grounding 
systems, and the function of an alarm 
system. All safety systems must be 
maintained in operable condition and 
emergency procedures' must be 
prepared so that operating personnel 
have the capabilities to respond in the 
case of fire or other emergency. 

4.5.2. 7.1. 7.1 Fire-Fighting Systems 
The fire-fighting system that is used 
for a particular storage tank depends 
primarily on the type of tank and the 
liquid that is being stored. This section 
discusses the operation of the 
following fire fighting systems: 

• Air foam fire protection systems 

• Water fire-fighting systems 

1- Air Foam Fire Protection Systems 

Open-top floating roof storage tanks 
typically have an air foam fire 
protection system that is installed to 
fight a fire that could occur in the rim 
space between the roof and tank shell. 
A typical floating roof tank foam 
distribution system is illustrated in 
Figure 4-53. The number of foam 
outlets and backboards that is 
required increases as the tank 
diameter increases. A vertical plate 
called a "foam dam" is welded to the 
top pontoon plate a relatively short 
distance from the tank shell. The foam 
dam extends around the entire 
circumference of the roof and keeps 


the foam from spreading away from 
the rim space. 



Figure 4-53 Typical Floating Roof Tank Foam 
Distribution System 


Fixed roof storage tanks that are 
designed to store low flashpoint 
liquids typically have an air foam 
system that is designed to blanket the 
liquid surface. Foam is piped up the 
side of the tank, breaks a glass 
diaphragm, and enters a foam 
chamber. A pipe is connected to the 
foam chamber and passes through the 
tank shell near the top of the tank. A 
deflector that is attached to the end of 
the nozzle distributes the foam 
circumferentially and directs it down 
on the liquid surface. The foam 
chamber and deflector are welded to 
the tank shell or are bolted with 
vapor-tight connections to injection 
nozzles that are located near the top 


eg . linkedin . com/in/mo amenmohamedh 


44 | Page 


of the tank shell. The number of foam 
chambers that are used increases as 
the tank diameter increases. 

2- Water fire-fighting systems 
Are installed either near to or directly 
on storage tanks. The specific system 
and design requirements depend on 
the type of tank, the stored fluid, and 
nearby tanks or other equipment. Also 
note that firewater is also required to 
generate the foam from foam 
concentrate when air foam fire 
protection systems are used. Fire- 
fighting systems may consist only of 
strategically located firewater 
monitors; however, some low- 
pressure storage tank applications 
may require fixed water deluge 
systems that are mounted on top of 
the tank to provide more direct and 
high-capacity water flow to cool the 
tank. Figure 4-54 Water Deluge 
System shows typical water deluge 
system. 

Water is taken from the fire main 
when the operating valve is opened. 
The water proceeds through the feed 
pipe to the deluge head that is located 
on top of the storage tank. The shape 
of the deluge head directs the water 
down over the top of the tank size. 



4.5.2. 7.1. 7.2 Grounding Systems 
External and internal floating roofs 
have a grounding strap installed across 
the seal between the steel roof and 
the shell. This grounding strap 
provides electrical continuity between 
the roof and shell. A typical grounding 
strap on an external floating roof is 
illustrated in Figure 4-55. 



Figure 4-55 Grounding Strap with External Floating 
Roof 

All tanks have grounding connections 
between the shell and a grounding rod 
that is located in the soil next to the 
tank. Figure 4-56 illustrates a typical 
tank grounding connection. A steel clip 
is welded to the tank shell. The 
grounding connection consists of bare 
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wire that is connected between the 
clip and the grounding rod. 



Figure 4-56 Tank Grounding Connection 


4.5.2.7.1.7.3 Alarm Systems 
A tank may be equipped with a high- 
level alarm to warn against overfilling. 
Whether a high-level alarm is 
required, and whether this alarm is 
"local" (annunciates at the tank) or 
"central" (annunciates in a control 
room) depends on the operational 
procedures and requirements at a 
particular location. One method by 
which a high-level alarm operates 
makes use of limit switches that are 
associated with a fluid level gauging 
device. The limit switches are 
calibrated to respond to specific 
values that represent overly high fluid 
levels. The switches activate the high- 
level alarm. 

4.5.2. 8 TESTING OF NEW 
STORAGE TANKS 

This section discusses the principal 
test methods 


4.5. 2. 8.1 Principal Testing Methods: 
Purposes and 
Methodologies 

The principal methods that are used to 
test storage tanks are as follows: 

• Hydrostatic 

• Vacuum box 

4.5. 2.8. 1.1 Hydrostatic 

A hydrostatic test of a tank consists of 
filling the tank with water and 
examining the tanks for leaks. The 
purpose of the hydrostatic test is to 
load the tank with a density and 
volume of liquid that equals or 
exceeds the maximum density and 
volume that the tank will experience 
in actual operation. This test is a 
worst-case test for the tank and its 
components. If the tank can be filled 
with water and not leak, the tank 
should not leak when filled with the 
liquid that it will normally contain. 
Also, the hydro test weight causes 
additional soil compaction and permits 
initial evaluation of foundation 
settlement predictions prior to filling 
the tank with the design liquid. 

4.5.2. 8. 1.2 Vacuum Box 

A vacuum box test is a localized test of 
welds. A box that is approximately 152 
mm (6 in.) wide by 762 mm (30 in.) 
long, with a glass window in the top 
and a sponge rubber gasket on the 
bottom, is used for the test. Figure 4- 
57 illustrates a vacuum test box. 
Approximately 762 mm (30 in.) of 
welded seam is brushed with either a 
soap and water solution or linseed oil. 
The vacuum box is then placed over 
the weld seam and pressed in place in 
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order to form a seal with the gasket. A 
vacuum of at least 13.8 kPa (ga; 2 psig) 
is applied to the box, and the welded 
seam is observed for formation of 
bubbles or foam. The absence of 
bubbles indicates that the weld is 
sound. A vacuum box test will typically 
be used for lap-welded plates in both 
the bottom and the roof. 


Typical specification f<x 
motor-driven vacuum pump 
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Cover Plate DiameterD c = 32| in 


4.6 Shell opening 
dimension 

4.6.1 Manhole 

4.6.1. 1 Thickness of Shell Manhole 
Cover Plate and Bolting 

Flange 


Size = 24*24 in 
From table 5-3b 

Minimum Thickness of Cover Plate 
(t c ) =9/16 in 

Minimum Thickness of bolting flange 
after finishing ( tf ) =7/16 in 

4. 6. 1.2 Dimensions for Shell 
Manhole Neck Thickness 

Thickness of Reinforcing plate (T) = 7 
mm (why?) 

Thickness of shell (t) = 14 mm 
T +t=21 mm=0. 82677 in 
From table 5-4b 

Minimum Neck Thickness (t n ) =5/16 
in 

4.6.1. 3 Dimensions for Bolt Circle 
Diameter D b and Cover 
Plate Diameter D c for Shell 

Manholes 

Manhole Diameter OD=24 

From table 5-5b 

Bolt Circle Diameter D b = 3 O 4 in 


4.7 Shell nozzles 





Figure 4-58 nozzle dimensions 

4.7.1 Nozzle (Nl, N3) 
NPS = 10 in 
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4.7.1.1 Dimensions for Shell 

Nozzles 

From table 5-6b 

Outside Diameter of Pipe OD=10 % in 

Nominal thickness of Flanged Nozzle 
Pipe Wall t n = 0.5 in 

Diameter of Hole in Reinforcing Plate 
D r = 10 7/8 in 

Length of Side of Reinforcing Plate or 
Diameter L=D 0 =23 in 

Width of Reinforcing Plate W=28 V 4 in 

Minimum Distance from Shell-to- 
Flange Face J=9 in 

Minimum Distance from Bottom of 
Tank to Center of Nozzle (Regular 
Type H n )= 15 % in 

4. 7. 1.2 Dimensions for Shell 
Nozzles: Pipe, Plate, and 
Welding Schedules 

Thickness of Reinforcing plate (T) = 7 
mm 

Thickness of shell (t) = 14 mm 
T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n = 1/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =7/8 in 

Size of Fillet Weld 4=3/8 in 


4.7.1. 3 Dimensions for Shell 
Nozzle Flanges 

NPS = 10 in 

From table 5-8b 

Minimum Thickness of Flanged 
Q= 1i 3 6 

Outside Diameter of Flange A=16 

Diameter of Raised Face D=12 % 

Diameter of Bolt Cirde C= 14 % 

Number of Holes=12 

Diameter of Holes=l 

Diameter of Bolts=7/S 

Diameter of Bore (Slip-On Type: 
Outside Diameter of Pipe plus B) 

=0.13 

Minimum Diameter of Hub at Point of 
Weld (Slip-On Type E) =OD of pipe+2t n 

4.7.2 Nozzle (N2) 

NPS = 8 in 

4. 7.2. 1 Dimensions for Shell 

Nozzles 

From table 5-6b 

Outside Diameter of Pipe OD= 83 in 

Nominal thickness of Flanged Nozzle 
Pipe Wall t n =0.5 in 

Diameter of Hole in Reinforcing Plate 
D r =8 3 A in 

Length of Side of Reinforcing Plate or 
Diameter L=D 0 = 19 in 

Width of Reinforcing Plate W= 23 l A in 
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Minimum Distance from Shell-to- 
Flange Face J = 8 in 

Minimum Distance from Bottom of 
Tank to Center of Nozzle (Regular 
Type H n )= 13 3 A in 

4.7. 2. 2 Dimensions for Shell 
Nozzles: Pipe, Plate, and 
Welding Schedules 

Thickness of Reinforcing plate (T) = 7 
mm 

Thickness of shell (t) = 14 mm 
T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n = 1/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =7/8 in 

Size of Fillet Weld 4=3/8 in 

4.7.2. 3 Dimensions for Shell 
Nozzle Flanges 

NPS = 8 in 

From table 5-8b 

Minimum Thickness of Flanged Q 
=1 1/8 

Outside Diameter of Flange A=13 1/2 
Diameter of Raised Face D=10 5/8 
Diameter of Bolt Cirde C= 11 3 A 


Number of Holes=S 

Diameter of Holes=7/S 

Diameter of Bolts =3/4 

Diameter of Bore (Slip-On Type: 
Outside Diameter of Pipe plus B) =0.1 

Minimum Diameter of Hub at Point of 
Weld (Slip-On Type E) =0D of pipe+2t n 

4.7.3 Nozzle (N4 A/B/C, N5, 
Nil, N15A/B) 

NPS = 4 in 

4. 7.3. 1 Dimensions for Shell 

Nozzles 

From table 5-6b 

Outside Diameter of Pipe OD= 4|in 

Nominal thickness of Flanged Nozzle 
Pipe Wall t n =0.337in 

Diameter of Hole in Reinforcing Plate 
D r = 4s in 

Length of Side of Reinforcing Plate or 
Diameter L=D 0 = 1 2 in 

Width of Reinforcing Plate W= 1 5 l A in 

Minimum Distance from Shell-to- 
Flange Face J=1 in 

Minimum Distance from Bottom of 
Tank to Center of Nozzle (Regular 
Type H n )= 1 0 14 in 
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4.7. 3. 2 Dimensions for Shell 
Nozzles: Pipe, Plate, and 
Welding Schedules 

4.7. 3. 2.1 Thickness of shell (t) = 14 
mm 

Thickness of Reinforcing plate (T) = 7 
mm 

T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n = 1/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =7/8 in 

Size of Fillet Weld >4=3/8 in 

4.7. 3. 2. 2 Thickness of shell (t) = 10 
mm 

Thickness of Reinforcing plate (T) = 7 
mm 

T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n = 1/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =11/16 in 

Size of Fillet Weld >4=5/16 in 


4.7.3. 3 Dimensions for Shell 

Nozzle Flanges 

NPS = 4 in 

From table 5-8b 

Minimum Thickness of Flanged 

Q=15/16 

Outside Diameter of Flange A=9 

Diameter of Raised Face D = 6 3/16 

Diameter of Bolt Cirde C= 7 1/2 

Number of Holes=S 

Diameter of Holes=3/4 

Diameter of Bolts=5/8 

Diameter of Bore (Slip-On Type: 
Outside Diameter of Pipe plus B) 

=0.06 

Minimum Diameter of Hub at Point of 
Weld (Slip-On Type E) =OD of pipe+2t n 

4.7.4 Nozzle (N8A/B, N12, 

N24) 

NPS =3 in 

4. 7.4. 1 Dimensions for Shell 

Nozzles 

From table 5-6b 

Outside Diameter of Pipe OD= 3|in 

Nominal thickness of Flanged Nozzle 
Pipe Wall t n =0.300in 

Diameter of Hole in Reinforcing Plate 
D r = 3gin 

Length of Side of Reinforcing Plate or 
Diameter L=D o =10 V 2 in 
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Width of Reinforcing Plate W=13 V 2 in 

Minimum Distance from Shell-to- 
Flange Face J=1 in 

Minimum Distance from Bottom of 
Tank to Center of Nozzle (Regular 
Type H n )= 9 Vi in 

4.7 .4.2 Dimensions for Shell 
Nozzles: Pipe, Plate, and 
Welding Schedules 

4.7.4.2.1 Thickness of shell (t) = 14 
mm 

Thickness of Reinforcing plate (T) = 7 
mm 

T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n = 1/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =7/8 in 

Size of Fillet Weld >4=3/8 in 

4.7.4.2.2 Thickness of shell (t) = 10 
mm 

Thickness of Reinforcing plate (T) = 7 
mm 

T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n =l/2 in 


Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =11/16 in 

Size of Fillet Weld 4=5/16 in 

4.7. 4.3 Dimensions for Shell 

Nozzle Flanges 

NPS = 3 in 

From table 5-8b 

Minimum Thickness of Flanged 

Q=15/16 

Outside Diameter of Flange A=7 Vi 

Diameter of Raised Face D = 5 

Diameter of Bolt Cirde C= 6 

Number of Holes=4 

Diameter of Holes=3/4 

Diameter of Bolts=5/8 

Diameter of Bore (Slip-On Type: 
Outside Diameter of Pipe plus B) 

=0.06 

Minimum Diameter of Hub at Point of 
Weld (Slip-On Type E) =OD of pipe+2t n 

4.7.5 Nozzle (N6, N7, N14) 

NPS =2in 

4. 7.5.1 Dimensions for Shell 

Nozzles 

From table 5-6b 

Outside Diameter of Pipe OD= 2|in 
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Nominal thickness of Flanged Nozzle 
Pipe Wall t n =0.218 in 

Diameter of Hole in Reinforcing Plate 
D r = 2lin 

Minimum Distance from Shell-to- 
Flange Face J= 6 in 

Minimum Distance from Bottom of 
Tank to Center of Nozzle (Regular 
Type H n )= 7 in 

4.7. 5.2 Dimensions for Shell 
Nozzles: Pipe, Plate, and 
Welding Schedules 

4.7. 5. 2.1 Thickness of shell (t) = 14 
mm 

Thickness of Reinforcing plate (T) = 7 
mm 

T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n = 1/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =7/8 in 

Size of Fillet Weld 4=3/8 in 

4.7. 5. 2. 2 Thickness of shell (t) = 10 
mm 

Thickness of Reinforcing plate (T) = 7 
mm 

T +t=21 mm=0. 82677 in 
From table 5-7b 
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Minimum Pipe Wall Thickness of 
Flanged Nozzles t n =l/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =11/16 in 

Size of Fillet Weld 4=5/16 in 

4.7.5. 3 Dimensions for Shell 

Nozzle Flanges 

NPS = 2 in 

From table 5-8b 

Minimum Thickness of Flanged <2=3/4 

Outside Diameter of Flange 4=6 

Diameter of Raised Face D = 3 5/8 

Diameter of Bolt Cirde C= 4 3/4 

Number of Holes=4 

Diameter of Holes=3/4 

Diameter of Bolts=5/8 

Diameter of Bore (Slip-On Type: 
Outside Diameter of Pipe plus B) 

=0.07 

Minimum Diameter of Hub at Point of 
Weld (Slip-On Type E) =OD of pipe+2t n 

4.7.6 Nozzle (N13) 

NPS =1.5 in 

4. 7. 6. 1 Dimensions for Shell 

Nozzles 

From table 5-6b 

Outside Diameter of Pipe OD= 1.9 in 
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Nominal thickness of Flanged Nozzle 
Pipe Wall t n =0.2in 

Diameter of Hole in Reinforcing Plate 
D R =2in 

Minimum Distance from Shell-to- 
Flange Face J= 6 in 

Minimum Distance from Bottom of 
Tank to Center of Nozzle (Regular 
Type H n )= 6 in 

4.7. 6.2 Dimensions for Shell 
Nozzles: Pipe, Plate, and 
Welding Schedules 

Thickness of Reinforcing plate (T) = 7 
mm 

Thickness of shell (t) = 14 mm 
T +t=21 mm=0. 82677 in 
From table 5-7b 

Minimum Pipe Wall Thickness of 
Flanged Nozzles t n =l/2 in 

Maximum Diameter of Hole in Shell 
Plate (D p ) Equals Outside Diameter of 
Pipe Plus=3/4 in 

Size of Fillet Weld B =7/8 in 

Size of Fillet Weld >4=3/8 in 

4. 7. 6. 3 Dimensions for Shell 
Nozzle Flanges 

NPS = 1.5 in 

From table 5-8b 


Diameter of Raised Face D= 2 7/8 

Diameter of Bolt Cirde C= 3 7/8 

Number of Holes=4 

Diameter of Holes=3/4 

Diameter of Bolts=l/2 

Diameter of Bore (Slip-On Type: 
Outside Diameter of Pipe plus B ) 

=0.07 

Minimum Diameter of Hub at Point of 
Weld (Slip-On Type £) =OD of pipe+2t n 


Minimum Thickness of Flanged 
2=11/16 


Outside Diameter of Flange >4=5 
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Figure 4-59 roof manhole dimensions 


4.8 Roof opening 

4.8.1 Roof manhole 

Size of Manhole=24 in 
Diameter of Neck ID=24 in 
Diameter of Cover Plate D c =30 in 
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Diameter of Bolt Circle D B =27.5in 
Number of Bolts=20 
Diameter of Gasket 
Inside =24 in 
Outside =30 in 
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Diameter of Hole in Roof Plate or 
Reinforcing Plate D p =24 5/8 in 

Outside Diameter of Reinforcing Plate 
D r =46 in 


4.8.2 Roof nozzles 


jin — Axis always 


vertical 



Plain or raised-face 
slip-on welding, welding-neck, 
or plate ring flange 


r 


(See note) 


Roof plate 




Standard-weight line pipe 


Axis always 
vertical 


f- 


/* 


/ /omm^/4") 

z — — 


Alternative 
Neck-to-Roof-Plate 
Joint 




Roof plate 


NOZZLE WITH REINFORCING PLATE 


BASE FOR NOZZLE WITHOUT REINFORCING PLATE 


4.8.2.1 Nozzle (N17) 

NPS =10 in 

Outside Diameter of Pipe Neck= 10 % 
in 

Diameter of Hole in Roof Plate or 
Reinforcing Plate D p = 11 in 

Minimum Height of Nozzle H R = 8 in 

Outside Diameter of Reinforcing 
Plate3 D r = 22 in 


4.8.2. 2 Nozzle (N1 6, N20) 

NPS =8 in 

Outside Diameter of Pipe Neck= 8 
5/8 in 

Diameter of Hole in Roof Plate or 
Reinforcing Plate D p = 8 7/8 in 


Minimum Height of Nozzle H R = 6 in 

Outside Diameter of Reinforcing 
Plate3 D r = 18 in 

4.8.2. 3 Nozzle (N16, N20) 

NPS =3 in 

Outside Diameter of Pipe Neck= 3 Vi in 

Diameter of Hole in Roof Plate or 
Reinforcing Plate D p = 3 5/8in 

Minimum Height of Nozzle H R = 6 in 

Outside Diameter of Reinforcing 
Plate3 D R = 9 in 

4.8.2. 4 Nozzle (N16, N20) 

NPS =2 in 

Outside Diameter of Pipe Neck= 2 
3/8in 
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Diameter of Hole in Roof Plate or 
Reinforcing Plate D p = 2 l/2in 

Minimum Height of Nozzle H R = 6 in 

Outside Diameter of Reinforcing 
Plate3 D r = 7 in 
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